Simply observing other individuals interacting has been shown to affect subsequent behaviour and also hormones in 'bystander' individuals. However, immediate physiological responses of an observer have been hardly investigated. Here we present results on individuals' heart rate (HR) responses during various situations, which occur regularly in a flock of greylag geese (Anser anser, e.g. agonistic encounters, vehicles passing by). We recorded simultaneously HR and behaviour of 21 semi-tame free-roaming geese, equipped with fully implanted transmitters. We considered 304 social and 81 non-social events during which the focal individuals did not respond behaviourally. Independent of the spatial distance to the event, these HR responses were significantly greater in social contexts (e.g. departing or landing geese, agonistic interactions) than in non-social situations (e.g. vehicles passing by, thunder). Focal individuals showed a significantly higher maximum HR as well as a greater HR increase in response to agonistic interactions, in which the pair partner or a family member was involved, as compared with a non-affiliated goose. Also, HR was significantly higher when the bystander watched non-affiliated geese interacting, which were higher ranking than the focal. We conclude that these differences are due to different relevance of the recorded events for the focal individual, depending on the individuals involved in the observed interaction.
INTRODUCTION
In group-living animals, social interactions may have pronounced effects on individuals' subsequent behaviour (de Waal & Yoshihara 1983; Black & Owen 1989; Briffa & Elwood 2001) and physiology ( Hack 1997; Otten et al. 1997; Kotrschal et al. 2000; Briffa & Elwood 2005) . Social interactions affect not only individuals actively involved but also individuals that observe an interaction (bystanders). Individuals are known to change their behaviour in subsequent interactions according to the information gained by observing others (eavesdropping, e.g. Naguib et al. 1999; Earley & Dugatkin 2001; Johnstone 2001; Peake 2005; Zulandt et al. 2008) , and observing aggressive encounters modulates individuals' physiology (e.g. neurotransmitters, Edwards & Kravitz 1997 ; steroid hormones, Oliveira et al. 2001 Oliveira et al. , 2002 .
No information is available on heart rate (HR) changes of bystanders in response to observing social interactions. HR is known to be modulated by physical activity ( Tatoyan & Cherkovich 1972; MacArthur et al. 1979; Dressen et al. 1990; Kreeger et al. 1990; Arnold et al. 2004) as well as by active involvement in social interactions (Kanwisher et al. 1978; Marchant et al. 1995; Ely et al. 1999; Sgoifo et al. 1999; Wascher et al. 2008) . If a focal individual observes an event without showing any physical activity or change in body posture, the potential relevance of a stimulus situation may be evaluated via HR (Bastian 1984) . In bystanders, HR changes probably are not due to physical activity but mainly due to 'psychological' factors. These include emotions and affects, defined as mediators between the perception of the social and physical environments, and individuals' behavioural and physiological responses (Panksepp 1989; Lott 1991; Aureli 1997 ) and motivation, defined as processes and structures of an organism directing action towards the satisfaction of needs (Hebb 1949; Deci & Ryan 1985) . HR increases in response to relevant stimuli in the absence of physical activity have been anecdotically reported from bighorn sheep (Ovis canadensis: MacArthur et al. 1982) , herring gulls (Larus argentatus: Kanwisher et al. 1978) and guide dogs ( Fallani et al. 2007) . Also, HR has been used in several studies to assess emotions in animals (Aureli et al. 1999; Cabanac & Aizawa 2000; Bradley & Lang 2001; Preston & de Waal 2002; Désiré et al. 2004) . Affective responses, including physiological, behavioural and subjective components, are a result of the cognitive evaluation (not necessarily 'conscious') of an event in terms of its significance for the survival and well-being of the individual (Scherer 1999; Désiré et al. 2006) . Therefore, HR has been used as a parameter to judge the relevance of certain stimuli, for example, if individuals can differentiate between familiar and non-familiar animals ( Nakagawa et al. 2001) or between conspecifics and heterospecifics Hauber et al. 2002) .
Greylag geese (Anser anser) are long-term monogamous birds (Lorenz 1991) . Young stay with their parents for at least one year after fledging. Pair partner and family members support each other actively in agonistic interactions as well as passively, via the mere presence of social allies ( Frigerio et al. 2003; Weiß & Kotrschal 2004; Scheiber et al. 2005b) , and virtually no aggression occurs within such a bond (Lorenz 1991; Kotrschal et al. 2006; Weiß et al. in press) whereas agonistic encounters with non-affiliated flock members are quite common. Greylag geese form a dominance hierarchy, in which families dominate pairs, which tend to win against singletons in social interactions (Lamprecht 1986) .
In this study, we investigated HR responses of individual greylag geese observing naturally occurring social and non-social events. Upregulation of HR via the sympathetico-adrenergic system prepares an organism to respond adequately to a certain stressor (Smith et al. 2000) . Owing to the overwhelming importance of the social environment for reproductive success (Silk 2007) , social contexts are among the most potent stressors (de Vries et al. 2003) . We therefore predict that HR responses will be more pronounced when experiencing social interactions (e.g. agonistic encounters) as compared with non-social events (e.g. vehicles passing by). Furthermore, because greylag geese form complex dyadic relationships (Scheiber et al. 2008) , we predict that HR of bystanders would be affected by the identity of the observed individuals (e.g. affiliated versus non-affiliated individuals, lower versus higher 'ranking'). The flock is supplemented with pellets and grain twice per day. Geese are habituated to the close presence of humans and do not show avoidance if approached at up to 1 m distance. Also, they do not excrete elevated levels of corticosterone metabolites following such situations (Scheiber et al. 2005a) (Prinzinger et al. 2002) . The transmitter was calibrated to record and transmit in the range of 30 to over 500 beats per minute (b.p.m.). Transmitters were implanted by an experienced team of veterinarians ( Walzer et al. 2000) . This was approved by animal experimental licence (GZ68. when most of the flock rested and all events that occurred in the surrounding of the focal individual could be clearly distinguished. We only analysed bystander events during which no other event occurred in parallel. We characterized the different events as 'social' (departing or landing geese and agonistic interactions) or 'non-social' (vehicles passing by and loud noise). We also noted the distance of the event to the focal individual. Departing and landing events occurred at a distance of 0.5 to 300 m (meanGs.d. 37.1G61.2 m) to the focal individual and agonistic interactions at a distance of 0.5 to 100 m (meanGs.d. 9.8G38.7 m). Non-social events occurred from 10 to 500 m (meanGs.d. 161.3G172.9 m) away. In cases of agonistic interactions, their intensity was noted and, whenever possible, the identity of the individuals involved. We differentiated four intensities of agonistic interactions defined as follows. Intensity 1: threat postures without any locomotory activity. Intensity 2: goose walking towards another goose in a threat posture. Intensity 3: goose running towards another goose without body contact. Intensity 4: fight with body contact (e.g. biting, wing beating). For the analysis, we included events where the focal individual showed no or only slight changes in body posture (raising the head slightly). Data were collected daily over a period of 18 months ( June 2005 -November 2006 . Independent of this study, the 'percentage won interactions' for each individual of the flock as an approximation of rank was evaluated (B. M. Weiß 2005 and 2006, unpublished data) . Based on these data, we defined the focal individual either higher or lower ranking than the interacting individuals, which means that the focal individual is either winning or losing a higher percentage of interactions than the individuals involved in an interaction. Results of all tests are given two-tailed and significance was set to pZ0.05. As data partly deviated from normal distribution and equal variance, we resorted to non-parametric tests. We analysed maximum HR (b.p.m.) reached within the first 10 s after an event started, HR increase (b.p.m.) and duration of HR increase (s) in response to different events. All mean and range values are summarized in table 1. In cases where more than one event was recorded per individual, we calculated the mean HR response (mean maximum HR, mean HR increase and mean duration of the HR response) over all of the observed events. HR increase was based on the difference between a momentary 'baseline' value 3 s before the start of the event and the maximum HR reached. In fact, when a focal individual was involved in an agonistic encounter, HR changed significantly only in the last 3 s preceding an event, but not before (C. A. F. Wascher 2007, unpublished data) . In the case of bystander events, HR does not significantly change in the last 9 s before an event. For the duration of the HR response, we calculated the time in seconds until HR returned from the maximum to the baseline level. We could not calculate a mean HR over an event because we recorded only the starting point but not the duration of an event.
MATERIAL AND METHODS
To compare HR increases in response to social versus non-social events, as well as between affiliated (pair partner and family member) and non-affiliated individuals involved in an interaction, we used Wilcoxon signed-rank tests. The p-values are based on T C , if the sample size was smaller than 15, and on z when larger than 15 (Siegel & Castellan 1998) . We only analysed interactions within comparable intensities. To compare HR responses in paired versus single males, we applied Mann-Whitney U tests; for the comparison of HR response with different intensities of attacks, we used a Friedman test (Siegel & Castellan 1998) . A Spearman rho correlation was applied to investigate the effect of distance to the event in respect to HR. Therefore, we divided the distance of an event to the focal individual into seven categories (0-0.5, 0.5-1, 1-3, 3-5, 5-10, 10-50 and more than 50 m). As it was not possible to observe a sufficient number of focal individuals watching agonistic interactions between both individuals who are lower and higher in 'rank' than the focal individual, we had to apply Mann-Whitney U tests for this comparison. In all recorded events, both opponents were either lower or higher ranking than the focal individual. Every focal individual was used only in one condition (either observing lower or higher ranking geese) and each condition contained paired males, one single male and one female. Sample size changes between tests because not all implanted individuals could be observed in all conditions and interactions of high intensity are generally rare. Also, during the course of the study, some of the implanted individuals disappeared and a few transmitter devices stopped working.
RESULTS
We recorded 385 'bystander events' of 21 focal individuals, 304 and 81 in social and non-social contexts, respectively. HR responses were significantly greater when focal individuals watched social events (agonistic interactions and departing or landing geese) than when they watched non-social events (vehicles passing by, loud noise; Wilcoxon test, maximum HR: nZ21, zZK2.381, pZ0.018; figures 1 and 2a; and HR increase: nZ21, zZK2.068, pZ0.04; figure 2b ). The social and non-social events did not differ significantly in their duration of HR response (Wilcoxon test: nZ21, zZK0.939, pZ0.357). Also, we found no significant differences in the HR response of the bystander, depending on the nature of the social context (departing/landing geese or agonistic interactions; Wilcoxon test, maximum HR: nZ21, zZK0.317, pZ0.756; HR increase: nZ21, zZ0.278, pZ0.278; and duration of the HR response: nZ21, zZ1.218, pZ0.230). Sexes did not differ in maximum HR (Mann-Whitney U test: pZ0.294, n 1 Z8, n 2 Z13, UZ37) or HR increase (Mann-Whitney U test: pZ0.292, n 1 Z8, n 2 Z13, UZ36), but the responses lasted for significantly longer periods of time in the females (Mann-Whitney U test: pZ0.007, n 1 Z8, n 2 Z13, UZ14). Male singletons (nZ4) did not differ in HR responses from paired males (nZ9; Mann-Whitney U test, maximum HR: pZ0.487, n 1 Z4, n 2 Z9, UZ13; HR increase: pZ0.871, n 1 Z4, n 2 Z9, UZ16; and duration of the HR response: pZ0.7, n 1 Z4, n 2 Z9, UZ21). HR responses to agonistic encounters were independent of intensity of the agonistic encounter (Friedman test, maximum HR: pZ0.368, c 2 2 Z2, nZ4; HR increase: pZ0.472, c 2 2 Z1.5, nZ4; and duration of the HR response: pZ0.174, c 2 2 Z3.5, nZ4). There was no correlation between HR response and spatial distance to the observed event (Spearman's rho test, maximum HR: rZ0.000, pZ1, nZ7; HR increase: rZ0.107, pZ0.819, nZ7; and duration of the HR response: rZ0.393, pZ0.383, nZ7). The bystanders' HR were influenced by the rank of the interacting non-affiliated individuals. Seven focal individuals observed encounters, involving geese, which lost more interactions and four different focal individuals watched individuals interacting which both won more interactions. Maximum HR (Mann-Whitney U test: pZ0.012, n 1 Z7, n 2 Z4, UZ1; figure 4a) and HR increase (Mann-Whitney U test: pZ0.024, n 1 Z7, n 2 Z4, UZ2; figure 4b) were significantly higher when both interacting individuals were higher in rank than the focal individual. The duration of a HR response, however, did not differ between individuals watching lower or higher ranking geese interacting (Mann-Whitney U test: pZ0.230, n 1 Z7, n 2 Z4, UZ7). HR responses of the focal individuals were unaffected by the rank of the opponent when an affiliated individual was involved (Mann-Whitney U test, maximum HR: pZ0.4, n 1 Z4, n 2 Z3, UZ3; HR increase: pZ0.4, n 1 Z4, n 2 Z3, UZ3; and duration of the HR response: pZ0.629, n 1 Z4, n 2 Z3, UZ4).
DISCUSSION
In this study, we show that in immobile bystanders, social stimuli have a stronger modulatory effect on HR than nonsocial events. Generally, suddenness, unfamiliarity and unpredictability of a stimulus have been found to be most effective HR modulators ( Weiss 1970; Désiré et al. 2006 ). In our case, however, the social situations occurred much more frequently, regularly and predictably than non-social events. Also, in most cases, social stimuli were less intense (e.g. loud) than non-social stimuli. The individuals involved in an interaction had a stronger influence on HR than the event per se (e.g. its intensity or distance to the focal individual), although in some cases (e.g. highintensity interactions) our low sample size requires cautious interpretation. Still, these results indicate that social context is not only quantitatively but may also be qualitatively different from non-social stressors.
This raises the question, whether these specific physiological responses reflect the emotional states of bystanders. Recently, emotions and empathy in animals have been discussed (Panksepp 1989; Preston & de Waal 2002; Paul et al. 2005; de Waal 2008) . Affective states and emotional arousal can be assessed via physiological and behavioural parameters in humans and non-human animals (Blix et al. 1974; Aureli et al. 1999; Cabanac & Guillemette 2001; Désiré et al. 2004; Fallani et al. 2007) . It was suggested that the behavioural expression of emotions may be contagious and thereby affect the emotional states of bystanders (Darwin 1872; Hatfield et al. 1994; Preston & de Waal 2002; de Waal 2008) . This is the more plausible, as mirror neurons have recently been found in birds (Prather et al. 2008) . The fact that HR responses depended on the identity of the performing individuals suggests that 'bystanding' does not just result in a nonspecific arousal.
Our results indicate that greylag geese may be able to estimate other flock members' success in agonistic encounters and probably also the identity of other flock members, as HR increased more strongly when focal individuals watched higher ranking than lower ranking geese interacting, but only when these geese were nonaffiliated with the focal goose. It is unlikely that bystanders identify individuals' success in agonistic interactions only by behavioural cueing, because within any interaction, one individual was dominant, the other subordinate, but in relation to our focal subject both opponents were either higher or lower in rank. Still, our results remain somewhat anecdotal, because we did not manage to get complete recordings from all focal individuals, that is, observing both lower ranking as well as higher ranking individuals interact. Therefore, we cannot exclude the possibility that individual differences influence HR responses most as we have previously documented behavioural phenotyperelated differences in HR ( Wascher et al. 2006) .
If the pair partner or a family member was involved in an interaction, HR was increased, irrespective of the rank of the opponents or the outcome of the interaction.
In general, upregulation of HR may be interpreted as becoming ready for action. The bystander should modulate HR in proportion to the relevance and potential consequences of an event. For example, a bystander could prepare for the increased risk of being attacked, because not only in primates but also in geese, redirected aggression is common ( Watanabe 1979; Aureli et al. 1992; B. M. Weiß 2007, unpublished data) . HR upregulation in the bystander watching non-associated individuals involved depended on the rank of the interacting individuals, possibly because the bystander could subsequently be targeted by one of the opponents.
In sum, we have shown that HR is modulated to a greater extent by social than non-social contexts. Also, HR is modulated by just watching an interaction, without active involvement of the focal individual or any observable behavioural response. Such HR responses indicate differences in the relevance of various events, depending on the identity of the individuals involved. At present, we remain cautious of interpreting our HR results as an indication of 'emotional' or even 'empathic' involvement (Preston & de Waal 2002; de Waal 2008) , although the specificity of the arousal caused by watching social interactions points in this direction. In all events, the opponents were both either lower (nZ7) or higher (nZ4) 'ranking' than the observing focal individual. All opponents were non-affiliated to the bystander. Other parameters are the same as given in figure legend 2.
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